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ABSTRACT

Title of Research Paper:

Research on Ships’ Routeing and Reporting
System of Malacca and Singapore Strait

Degree:

Msc

The research paper is a research on the Ships' routeing and reporting system of
Malacca and Singapore Straits. Ships' routeing and reporting system is a modern
maritime transport system for an effective means of navigation management. The
presence of ships' routeing and reporting system can well alleviate this problem.
Through the usage of a specified route, division of opposite traffic, and VTS's
effective monitoring and management in this waters, the safety of navigation of the
ship and the efficiency of navigable waterways have been greatly improved. At the
same time, the existence of a ship reporting system plays a significant role in
monitoring and management of the ship's position.

In order to enhance safety of the navigable waters in the Malacca and Singapore
Straits, this paper attempts to introduce a traffic conflict knowledge, and according to
a survey of relevant literature, the paper analyzed the environmental conditions and
the main route of Malacca and Singapore Straits, and investigated accidents that took
place in this specific area, paying attention to certain environmental characteristics
for navigation in the area, developed a corresponding method of research for
maritime traffic conflicts technique.

Keywords: Ships' routeing and reporting system, Traffic Flow, Analysis, Traffic
conflicts technique
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Chapter 1 Introduction

1.1 Research Background

The Malacca and Singapore Straits is not only one of the most important international
maritime transport routes, but also the lifeline of China's offshore energy transportation. More
than 90% of China's annual oil imports are achieved by maritime transport, among which
85% need go through the Malacca and Singapore Straits. With the development of China’s
economy, the safety of navigation and security of the Malacca and Singapore Straits channel
have become a great concern to us..

Malacca and Singapore Strait’s waterway varies in width, and in the Straits of Malacca and
Singapore, multi-channel and adjacent shallow points, shoals, reefs and wrecks can be easily
found. As one of the world's busiest waterways, once a serious ship accident happens in the
Straits of Malacca and Singapore, it will hinder the normal order of navigable strait, causing
significant economic losses (Liu, &, Sun & Wu, 2005, pp. 11-13). Taking this into account
larger tankers pass through this strait, there is an increasing possibility of traffic accidents and
pollution caused by the offshore oil pollution.

The world's first Ships’ routeing system was established in 1961, approved by International
Maritime Organization (IMO) in the Strait of Dover's and thereafter. Ships ’ routeing system
in the world is becoming a general tendency(IMO, 2008). As of 2007, the number of traffic
separation schemes which have been approved by International Maritime Organization (IMO)
is up to 140, and other kind of ships’ routeing system have exceeded 100. Establishment and
10

implementation of ships’ routeing system has greatly reduced ships' collision accidents, after
the introduction of Dover Strait traffic separation schemes, the number of ship collision case
decreased to 10% of the previous year.

Since 1972, the region had never experienced ship collision in the traffic lane. Ships’routeing
system has ensured the safety of navigation, and greatly reduced ship traffic accidents.
Therefore, within the scope of the world, this system has been widely developed (Liu, 2005,
p.16). So, it is necessary to do some research on the Straits of Malacca and Singapore’s
routeing and reporting system, in order to understand its operation mechanism and provide
appropriate suggestions to improve its management.

1.2 Ships’ Routeing and Reporting System

Ships’routeing system is designated in certain areas of the water. When the ship is sailing, the
route followed or adopted, or a system route traffic lane, is the major mean in implementing
effective management of the rational planning of the route of in water-traffic areas,
representing the development of ship management.

Ships' reporting system is a system established in order to implement maritime traffic
management or provide vessel traffic. Services, requiring the ship to report to VTS its own
ship's information at the right place and in appropriate intervals. This system is called the
ships' reporting system.

1.3 Research Objective

(1) Specification of vessel traffic order and guarantee of the safety of navigation
With the development of shipping industry, vessel traffic in the region will continue to
increase, thus making the navigable waters of the environment increasingly complex, which
11

poses water traffic management a serious challenge (IMO, 2008). Although the maritime
administration paid great effort to reduce maritime accidents, because of the increasing traffic,
the control of traffic accidents is still not optimistic. Through the way of establishment of
ships’ routeing system to ease the vessel traffic flow and regulate vessel traffic order ship will
encounter less accidents by means of reducing the number of vessels as well as the rate of
accidents, enhancing the safety of navigation.

(2) Reduction of conflicts between small ferries, fishing boats and merchant ships
The typical characteristics of small ferries and fishing boats’ action is arbitrary, these ships
often not following the requirements of International Regulations for Preventing Collisions at
Sea (COLREGS).This gives rise to maritime traffic confusion, and easily causing accidents.
Every year, these waters have experienced some fatal accidents such as collision between
several small vessels and merchant ships, causing huge losses to both sides. Through the
establishment of ships’routeing system, conflicts will be reduced reasonably.

(3) Safe Route Planning for Large Vessels
Strait waters often have a large ship passing by and the number of large ships over 360 meters
in length is increasing in recent years (Liu, 2007). Some parts of water depth are shallow with
less room available for turning cycles for large vessels, thus making ship maneuvering
difficult. Therefore, through the establishment of ships’routeing system, planning and
recommending safe route is helpful for navigation safety of large vessels.

(4) The Prevention of Marine Pollution and Protection of the marine environment
Any large tanker spills occurred in the Straits will directly cause enormous damage to
ecological environment, affecting the development of fishery resources in the waters and the
tourism industry. Therefore, the study of Singapore Straits of Malacca ships' routeing system
is conducive not only to the reduction of maritime accidents, but also to the prevention of
marine pollution, so as to ensure the protection of environment.
12

(5) Safety and Traffic Flow Organization in the Area of Coastal Ports
Malacca and Singapore Straits has a large number of busy ports waiting to be given more safe
traffic flows in this area. Therefore, it is necessary to research on ships’routeing system in
this area.

1.4 Structure and Approaches

This paper mainly studies on the ships’ routeing and reporting system of Malacca and
Singapore Straits and does some researches on the importance of setting a ships’ routeing and
reporting system in this certain area, by referring a great deal of nautical charts and
publications, searching on relevant websites and articles. The author tried to find some
weakness of this system and explored the idea of attempting to introduce a traffic conflict
technology into this area, in order to enhance safety of the navigable waters in the Malacca
and Singapore Straits, Based on the idea, the content structure is summarized as followed:
(1) Natural conditions and main routes in Malacca and Singapore Straits；
(2) Theoretical overview of ships' routeing and reporting system；
(3) Ships' routeing and reporting system of Malacca and Singapore Straits；
(4) Investigation and analysis of marine traffic；
(5) Problems of Malacca and Singapore Straits routeing system and suggestions.
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Chapter 2 Natural Conditions and Main Route in the Malacca and Singapore Straits

Figure 2-1 VTS coverage
Source: Society of Gas Tanker and Terminal Operators Ltd, 2004

2.1 An Outline of the Natural Conditions in the Malacca and Singapore Strait

2.1.1 Tides

The Straits of Malacca and Singapore is basically a semidiurnal tide, with two high tides and
low tides in a day, but the eastern region of the Straits near the Port of Singapore is an
irregular semidiurnal tide. Overall, the Malacca Strait is mainly affected by the Indian Ocean
tidal wave, with a smaller influence by the Pacific, where the greatest tidal range appears in
the vicinity of BAGAN SIAPI-API，which reaches to about 5m, in the east part of the strait
14

and in west ends, the tidal range is small with only about 2m (UKHO, 2009)

2.1.2 Currents

In the Straits of Malacca and Singapore, the current flow is mainly northwest from November
to next April，while the flow of May to August has a poor stability, with an annual flow rate
of about 1kn.

Near the waters of the Strait of Singapore, there exists more island and more complex
waterways, currents, complex flows to south in the northeast and the southwest monsoon
flow northward; while the waters near the island and Phuket Wei, waterways are wide, less
islands, currents are mainly northwest with a speed of 1 ~ 2kn, in the southwest, the monsoon
flows southeastward; internal Strait and the Strait of East and West mouth are heavily
influenced by different monsoons, throughout the year for the northwest to currents, the flow
rates vary between 0.5 ~ 1kn. (UKMO, 2009)

2.1.3 Tidal conditions

In the Straits of Malacca and Singapore, the trend is mainly reversing current, flowing along
the channel. When the tide flows to the southeast or northwest, the maximum flow rate is
2.2kn. Eastern Singapore Strait is influenced by the South China Sea and Indian Ocean sea
alternatively, when the tide is flowing to the southwest or northeast, the flow rate is between
1 ~ 2kn; trend inside the Straits of Malacca and floods is affected by topography, and the flow
velocity is variable. (UKMO, 2009)

2.2 An Overview of the Traffic Route in the Malacca and Singapore Straits

The Malacca Strait is located among the Malay Peninsula, Indonesia's Sumatra Island,
15

Thailand's southwest coast and northeastern Malaysia. As is shown in Figure 2-2, the width of
northwest entrance to the Strait of Malacca widest, approximately 220NM; and the width of
the east exit narrowest is about 9NM. Multi-straits become confluent, the number of shallow
waters and depth is irregular: in the northwest entrance connecting to the Indian Ocean, the
depth is hundreds of meters, or even in kilometers. Nearby the One Fathom Bank, due to the
impact of sand waves, the shallowest depth is only 6.1m.

The Strait of Singapore is defined as a place from Malaysia and Singapore Island as South
Shore north boundary and near Pulau Bulan, and other islands form the south boundary. West
of the southeastern boundary of the Malacca Strait shared boundary line, from east of the
southeast end of the line is Malaysia's Tanjung Penyusop (1°22'N, 104°17'E) to Horsburgh
Lighthouse, Tanjung Penyusop east-southeast 7.75NM, then connect with the northeastern tip
of Bintan Tanjing Berakit (1°14'N, 104°34'E) beacon near the island Pulau Koko (1°14'N,
104°35'E), As is shown in Figure 2-2. Strait has a length of about 70NM, with north-south
width ranging from East Side, 19NM in width. The narrow part is Nishiguchi, with about
9NM, and the narrowest point is only 2.5NM. The Strait owns many islands and shoals, and
the lighthouse near Fort Hawes has a depth of only 8.2 m. In addition to the shallows points,
the depth of the channel is 22 m or more. (UKHO,2006)

Figure 2-2 Schematic Border Demarcation of Straits of Malacca and Singapore
Source: BA Chart1358, UKHO,1998
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This article divides Malacca and Singapore Straits’ navigable waters into the eastbound lane
and westbound route. (See Table 1-1 for the Malacca and Singapore Straits eastbound route
table, Table 1-2 for the Malacca and Singapore Straits westbound route summary table. )

Table 1-1 A Summary of Malacca and Singapore Strait Eastbound Route
Waters location

Tidal condition

VHF

length

course

Speed
limitation

Sector 1

Approaching and

maximum rate

entering the traffic

up to 1.75Kn

Ch66

10NM

Three

Limited up

direction

to 12kn

separation schemes
of One Fathom Bank
Sector 2

Sector 3

Sector 4

One Fathom Bank to

maximum rate

Goal-Post（M）

up to 1.75Kn

Goal-Post

maximum rate

Racon

Ch88

Limited up

7NM

to 12kn

(M) to Sepat beacon

up to 1.75Kn

Sepat (Racon (C)) to

maximum rate

Gosong Raleigh

up to 1.75Kn

Ch88

30NM

116

Ch84

45NM

131

Ch61

21NM

114

Ch61

38NM

122

49NM

133

none

none

(Racon (O))
Sector 5

Pulau Undan

maximum rate

Lighthouse Gosong

up to 1.75Kn

none

Raleigh (Racon (O))
to the island of Palau
Beser
Sector 6

ulau Undan

maximum rate

Lighthouse to Bukit

up to 1.75Kn

none

Ch88
Segenting
Sector 7

Bukit Segenting

maximum rate

been to Singapore

up to 1.75Kn
17

Ch88

none

wireless reporting
point the west
Tangung Piai
Sector 8

Tangung Piai

Common strong

(Singapore West

vortex

Ch73

19NM

122

Began

to

slow down

reporting point) to

to 12Kn

the deep water
channel waterways
Philip initial end
Racon (D)
Sector 9

Racon (D) to Pulau

maximum rate

Takong Kecil

up to 3.5Kn

Ch73

6NM

060

Limited up
to 12kn

Lighthouse
Sector 10

P. Takong Kecil

maximum rate

Lighthouse to Helen

up to 3.5Kn

Ch14

4NM

045

Limited up
to 12kn

Mar Reef (Racon
(M))
Sector 11

Helen Mar Reef

maximum rate

(Racon (M)) to

up to 1.75Kn

Ch14

3NM

055

Limited up
to 12kn

Buffalo Rock
(Racon (K))
Sector 12

Buffalo Rock

maximum rate

(Racon (K)) to Batu

up to 6Kn

5NM

067

Limited up
to 12kn

Berhanti (Racon
(B))
Sector 13

Batu Berhanti

maximum rate

(Racon (B)) to

up to 6Kn

Changi Beacon
18

Ch14

12NM

082

none

Sector 14

Changi Beacon (1 °

maximum rate

19.1 'N, 104 °02.1'

up to 4Kn

Ch10

17NM

082

Ch10

11NM

046

none

E) to Pulau
Mungging (Racon
(N))
Sector 15

Pulau Mungging

maximum rate

(Racon (N)) to the

up to 4Kn

none

Traffic Separation
Scheme (TSS)
waters ends

Source: NP286(4), UKHO, 2009

Table 1-2 A Summary Malacca and Singapore Straits Westbound Route
Waters location

Tidal

VHF

length

course

condition
Sector 1

Singapore Straits

maximum

traffic separation

rate up to

schemes easternmost

4Kn

Speed
limitation

Ch10

10NM

229

Ch10

17NM

262

Ch14

12NM

246

none

entrance to Pulau
Mungging (Racon
(N))
Sector 2

Pulau Mungging

maximum

(Racon (N)) to

rate up to

Changi Beacon (1 °

4Kn

none

19.1 'N, 104 °02.1'
E)
Sector 3

Changi Beacon (1 °

maximum

19.1 'N, 104 °02.1'

rate up to

Limited up to
12kn

19

E) to Batu Berhanti

2Kn

(Racon (B))
Sector 4

Sector 5

Sector 6

Batu Berhanti

maximum

(Racon (B)) to Pulau

rate up to

Sebarok

6Kn

Pulau Sebarok to

maximum

Raffles Lighthouse

rate up to

(Racon (O))

4Kn

Raffles Lighthouse

maximum

(Racon (O)) to

rate up to

North Nipa Beacon

4Kn

Ch14

5NM

244

Limited up to
12kn

Ch14

4NM

248

Limited up to
12kn

Ch73

5NM

306

Limited up to
12kn

(Racon (N))
Sector 7

North Nipa Beacon

maximum

(Racon (N)) to Pulau

rate up to

Lyu Kecil (The

1Kn

Ch73

16NM

282

Ch88

17NM

310

Ch88

20NM

308

Ch88

60NM

295

50NM

310

none

Brothers)
Sector 8

Pulau Lyu Kecil

maximum

(The Brothers) to

rate up to

Pulau Pisang

1.75Kn

none

Lighthouse
Sector 9

Pulau Pisang

maximum

Lighthouse to

rate up to

Mudah Utara

1.75Kn

none

Beacon
Sector 10

Mudah Utara

maximum

Beacon to Tanjung

rate up to

Keling

1.75Kn

Tanjung Keiling to

maximum

none

Ch61

Sector 11

Ch84
20

none

Tanjung Gabang

rate up to
1.75Kn

Sector 12

Sector 13

Sector 14

Tanjung Gabang to

maximum

Amazon Maru Shoal

rate up to

(Beting Rhu

1.75Kn

Amazon Maru Shoal

maximum

to the One Fathom

rate up to

Bank

1.75Kn

One Fathom Bank to

maximum

the waters of the end

rate up to

of the traffic

1.75Kn

Ch88

30NM

298

Ch88

5NM

295

none

Limited up to
12kn

Ch66

11NM

310

Limited up to
12kn

separation schemes

Source: NP286(4), UKHO, 2009

2.2 Analysis of the Depth and the Status of the Channel

2.2.1 Analysis of Strait Waterway Channel Depth and Sediment Status

Malacca Strait seabed is flat, mostly with a sediment quality, and flat water, easy to sailing on.
There are a great number of underwater shoals and sand waves, with the channel depth 25 ~
70m in range. Generally, the depth of eastbound or westbound fairway is 20 ~ 23m in range.
Near the points above the shallow depth and relatively shallow wrecks, the actual depth may
be shallower than is marked on chart, but these areas are marked with buoys, which can be
avoided.

21

Figure 2-3 Schematic of Malacca Shoal
Source: BA Chart3833, UKHO, 2005
Near One Fathom Bank, the channel depth is 25m. But the actual depth is shallower. Fully
loaded VLCC going over here should calculate the high tide. Permatang Sedepa (2°53'N,
101 °00'E) in the south-southwest direction with two lights floating in the waters is a
collection of three waterways where Yin Shabo appears so that the actual depth is shallower
than the depth in the chart. Strait underwater sand waves near Permatang Sedepa waterway is
up to 13m, with other places up to 4 ~ 7m, sand wave length of 250 ~ 450m, as is shown in
Figure 2-3.

Tanjung Tuan (Cape Rachado) (2°24'N, 101°51'E) near the waters, seabed topography are
ripples, with the water depth less than the actual depth in the chart, and irregular changes. The
minimum depth in the chart is 14m (Figure 2-4). Navigational hazard exists for vessels draft
more than 13.5m.

Muar (2°03'N, 102°34'E) in the south, and there exists ripples; the water depth of Permatang
Alur Mudah (Fair Channel Bank) is shallow, 8.5 ~ 18.0m. As is shown in Figure 2-5.

22

Figure 2- 4 Schematic of the Convergence of Three Waterways at Eastbound Fairway
Source: BA Chart3833, UKHO, 2005

Figure 2-5 The depth of Tanjung Tuan sand waves and surrounding circumstances
Source: BA Chart3833, UKHO, 2005
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Figure 2-6 the location of Fair Channel Bank
Source: BA Chart3833, UKHO, 2005

2.3 An Analysis of Fairway bending Situation

Raffles Lighthouse (1°05.8N, 103°43.2'E) channel bend at large about 70°. As shown in
Figure 2-6.

For the entire waterway, except the Raffles Lighthouse (1°05.8'N, 103°43.2'E), the steering
angle is about 70°, waterways bending situation is larger, while the curvature of the other
waters is smaller, which does not affect large for the navigation safety of the ship. As is
shown in Figure 2-7.

24

Figure 2-7 Maximum Bending of Singapore Straits Waterway
Source: BA Chart3833, UKHO, 2005
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Chapter 3 Theoretical Overview of ships' Routeing and Reporting System
3.1 Ships’ Routeing and Reporting System and its Development

Ships' routeing system is specified by IMO or local authorities which recommends a safe
approach for ships at sea. The main routeing system is Traffic Separation Schemes (TSS).
Modern traffic separation schemes started from 1956, and now there are a lot of
world-famous busy waterways using traffic separation scheme, such as the Strait of Dover
and Lawrence Strait traffic separation schemes. The Establishment of traffic separation
scheme greatly reduces the number of ship collisions in the Strait of Dover to 10% of the
original after the introduction of traffic separation schemes. Currently, most of the world
ships’routeing system that came into effect are given in accordance with the International
Maritime Organization (IMO) standard. To further build ships' routeing system and give its
role into full play, IMO developed a "general provisions on ships' routeing" for the world to
establish and implement ships’routeing system under the guidance of International
Convention for the Safety of Life at Sea (SOLAS), which also made relevant mandatory
issues about ships' routeing(Wang, 2009). Ships’routeing system implemented in the
congested waters, effectively separating the opposite vessel traffic flow, greatly reducing the
occurrence of ship collisions, and thus improving the safety level of ships sailing in the
waters as well as the efficiency.

3.2 Purpose, Measures and Forms of Ships' Routeing and Reporting System

(1) Purpose of ships' Routeing and reporting system
26

Ships' routeing and reporting system aims to improve traffic flow in convergence zones. In
large traffic density areas limitation, depth, or weather conditions of the waters are
unavailable to ensure navigation safety of ships operation in restricted area (Wang, 2009).
Ships’ routeing system can also be used to prevent or reduce the risk due to the collision of
ships at or near environmentally sensitive areas, stranded or anchoring or other damage
caused by pollution of the marine environment. According to the environmental hazard
situations in different regions, the specific purpose of ships' routeing may include the
following:
(1) separation of opposing streams of traffic so as to reduce the incidence of head-on
encounters;
(2) reduction of dangers of collision between crossing traffic and shipping in established
traffic lanes;
(3) simplification of the patterns of traffic flow in converging areas;
(4) the organization of safe traffic flow in areas of concentrated offshore exploration or
exploitation;
(5) organization of traffic flow in or around areas where navigation by all ships or by
certain classes of ship is dangerous or undesirable;
(6) reduction of risk of grounding to providing special guidance to vessels in areas where
water depths are uncertain or critical;
(7) guidance of traffic clear of fishing grounds or the organization of traffic
throughfishing grounds.( IMO,1985)

(2) Ships' Routeing Measures
Ships’ routeing measures include:
(1) Traffic ration scheme
A routeing appropriate measure aimed at the separation of opposing streams of traffic
means and by the establishment of traffic lanes
(2) Roundabout
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A routeing measure comprising a separation point or circular separation zone and a
circular traffic lane within defined limits. Traffic within the roundabout is separated by
moving in a counterclockwise direction around the separation point or zone.
(3) Inshore traffic zone
A routeing measure comprising a designated area of a traffic separation scheme and the
adjacent
between the landward boundary coast, to be used in accordance with the provisions of
rule 10(d);as amended，of the International Regulations for Preventing Collisions at Sea
(Collision Regulations)，1972，
(4) Two-way route
A route within defined limits inside which two-way traffic is established. Aimed at
providing safe passage dangerous. Of ships through waters where navigation is difficult
or dangerous.
8 Recommended route
A route of undefined width, for the marked by center line buoys.
(5) Recommended track
A route which has been specially examined to ensure so far as possible that it is free of
dangers and along which ships are advised to navigate.
(6) Deep water route
A route within defined limits which has been sea bottom and submerged obstacles as
accurately surveyed for clearance of indicated on the chart.
(7) Precautionary area
A routeing measure comprising an area within defined limits where ships must navigate
with particular caution and within which the direction of traffic flow may be
recommended.
(8) Area to be avoided
A routeing measure comprising an area within defined limits in which either navigation
is particularly hazardous or it is exceptionally important to avoid casualties and which
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should be avoided by all ships, or certain classes of ship. (IMO, 1985)

3.3 The Form of Ships' Routeing

In order to meet the ships' routeing requirement, we should pay attention to the specific
natural environment of the waters. The following forms of a ships‘ routeing can be accepted:
(l) Using the median. If not available, we may use dividers to separate the opposite direction
of traffic flow.

Figure3-1 Traffic separation by separation zone
Source: IMO, 1985
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Figure 3-2 Separation of traffic by natural obstructions
Source: IMO, 1985
As is shown in Figure 3-1, it is separating the opposite or nearly opposite directions of traffic
flow with median (4) or (3). In these waters, it should be possible to use the median. In the
narrow and limited navigable waterway, divider can be used in order to ensure enough traffic
lanes. To encourage and facilitate the crossing boat to cross traffic lanes in the appropriate
area, we can replace medians separating traffic flows in the opposite direction with the
divider in the corresponding region. In the figure ,traffic separation schemes is outside the
boundaries (6) for the corresponding traffic lane of the outer boundary, arrow (l) Indicates the
direction of traffic flow within the designated traffic lane. (2) Separates the traffic flow in the
opposite direction with a natural geographic obstacles and clearly labeled target object. If in
islands, shoals and reefs and other marine activities can be seen in restricted waters, vessels
can use these signs to navigate naturally separated in the opposite direction of traffic flow, as
is shown in Figure 3-2.
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Figure 3-3 inshore traffic zones
Natural obstructions

Figure 3-4 Sectorial division of adjacent traffic separation schemes at
approaches to focal points
Source: IMO, 1985

(3) The inshore traffic zone separates the transit traffic flow and interval traffic flow. Between
the traffic separations scheme, in the outer side of the boundary, offshore and inshore coastal
traffic zones can be set to ensure the range of traffic flow to avoid crossing traffic lanes for
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ships using the navigation system. Vessels can use medians (4) or separator (3) to separate the
inshore traffic zone and the adjacent traffic lane.
(4) Separation method with separate access to the same sector focal point adjacent to traffic
flow (Figure 3-4). This method is used to separate the population from different directions to
the convergence of the port, with the traffic point of embarkation for pilots and other vessels
and waterways of the population at the convergence point stream.
(5) Ships’ routeing form (Figure 3-5 and Figure 3-3) in the traffic separation scheme and the
convergences point at the junction of waterways:

Figure 3-5 Separation of Traffic

Figure 3-6 Separation of Traffic

At a Roundabout
Source: IMO, 1985

At a Crossing
Source: IMO, 1985

Figure 3-7 Separation of Traffic

Figure 3-8 A Junction with a

At a Junction

Separation Line Substitute for a Zone

Source: IMO, 1985

Source: IMO, 1985
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.
In the intersection, on the route and the route cross the junction region, one of the following
ships’ routeing methods can be the most appropriate: (1) Roundabout, if necessary, can be
used as is shown in Figure 3-5 in the form of ships’ routeing navigation guide ships in the
ring medians or separate points around the ring in the lane. (2) Route intersection (Figure 3-6,
Figure 3-7 and Figure 3-8) ; (3) Ship route connects the two fixed-lines or can be used at the
intersection of Figure 3-6, the form in Figure 3-7 and Figure 3-8. Direction is determined by
the direction of traffic flow adjacent to traffic lane, the median can be disconnected in the
route convergence zone, in order to emphasize the one traffic lane can go into another one
using the correct method.

Figure 3-9 Precautionary Area

Figure 3-10 Precautionary Area

at a Focal Point
Source: IMO, 2014

with an Area to Be Avoided
.

Source: IMO, 2014

Figure 3-11 Precautionary Area at a Junction with Recommended Traffic Flow
Source: IMO, 1985
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Restricted area (Figure 3-9, Figure 3-10, Figure 3-11) When the route aggregates, the best
way is to interrupt the route and set alert zone route connecting areas to emphasize in the
region before the close connection point, let the vessels drive carefully. Figure 3-9 and Figure
3-10 shows set in the form of the restricted area the focal point; restricted area shown in
Figure 3-11 is the form of route crossing point area. You can also set the end point of any
route in the warning area.
(6) Other form of ship’srouteing system:

Figure 3-12 Deep Water Route (Two ways)

Figure 3-13 Deep Water Route (One way)

Source: IMO, 2014

Source: IMO, 1985

Figure 3-14Recommended Directions

Figure 3-15Two-way Route (with one- Of

Traffic Flow between Two Traffic Routes
Source: IMO, 1985

way sections)
Source: IMO, 1985
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Figure 3-16 Recommended Routes

Figure 3-17 Recommended Tracks

Source: IMO, 1985

Source: IMO, 1985

Figure 3-18 Area to Be Avoided

Figure 3-19 No- anchoring Area

Source: IMO, 1985

Source: IMO, 1985

3.4 Planning Principles of Ships' Routeing

Design to provide a safe route planning, the design of the waters of the traffic for the ship
separation scheme should not be too restrictive in the region and the legitimate interests of the
ship's navigation habits as well as the existing or potential navigational hazards in the region
should be taken into specific consideration according to the following factors:
(1) Rights and practices of government biological and mineral resources.
(2) The situation of mainly existing traffic separation schemes. The form of existing traffic
flow in adjacent waters, including coastal traffic, crossing traffic, military exercises and other
areas and anchorages.
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(3) Port or coastal traffic flow in the form of infrastructure development may cause changes.
(4) Fishing boats.
(5) Exploration activities in existing coastal waters or seabed and possible future
developments.
(6) Adequacy of existing navigational aids, hydrographic and nautical data.
(7) Weather, tide and currents conditions and so on.
(8) Existing environmental conditions in the waters and predictable development. (Shao &
Fang, 2002)

3.5 Planning and Design Standards for Traffic Separation Scheme

(l) The planning and design of traffic separation schemes should ensure that the ship's use of
the traffic separation scheme at all times fully comply with the International Regulations for
Preventing Collisions at Sea (COLREGS) and the relevant provisions of the amendment.
(2) Traffic separation schemes should be limited, to some extent, to ensure the safety of
navigation.
(3) Traffic lane design should consider the entire route of the maximum depth, depth of
resources, making navigational waters of safety-optimum use of water resources. In traffic
lane width design, vessels should consider the traffic density in the waters, the overall use of
the waters and the available data of the waters.
(4) If there is enough water available, we should instead use the median divider to separate
the opposite traffic flow as priority and separate the inshore traffic zone and adjacent traffic
lanes. Medians or dividers can also be used to separate traffic lanes and adjacent waters
inshore traffic zone between the outside lanes. If circumstances permit, medians or dividers
should be considered by positioning means by counting traffic density in the waters.
(5) Anywhere near its ends, the ship should be able to measure the ship's position using one
or all of the following methods in the traffic separation scheme in the daytime and night: the
use of easily identifiable target object azimuth positioning; easily identifiable substance use
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radar standard single standard orientation; distance positioning; radio direction positioning;
other radio navigation equipment used to locate the entire route.
(6) The minimal width of traffic lanes and medians and the positioning accuracy that can be
obtained in the waters of the positioning means to adapt and accept the corresponding marine
equipment IMO performance standards set forth in the resolutions and recommendations.
(7) If the ship is in doubt whether the vessel is able to measure the ship's position as well as to
obtain a really accurate exists median divider, sufficient buoys marks should be provided.
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Chapter 4 Ships' Routeing and Reporting System of the Malacca and Singapore Straits

The Malacca and Singapore Straits are located in the maritime transportation routes, and
around many harbor, because of their special characteristics in terrain and waterways and
taking into account its special geographical location and importance in the shipping, in order
to ensure navigation safety, and its transporting capabilities, and to protect the environment in
the surrounding waters, as well ships’ routeing and mandatory reporting system is fully
implemented in this area. In Malacca and Singapore Straits’ whole region, the ships sailing in
the region are required to apply to Rules for vessels navigating through the Straits of Malacca
and Singapore. Mandatory ship reporting applies to Mandatory ship reporting system in the
Straits of Malacca and Singapore.

4.1 Ships' Routeing

Singapore Strait and the Strait of Malacca section navigation has a complex environment. In
accordance with the characteristics of the route, if full use of the ships' routeing is to be
achieved in the region, the main method is by adopting traffic separation schemes, in which
the authority has planned deep-water routes, the restricted area and inshore traffic zones.
Details are as follows:

4.1.1 Malacca Strait Section

Malacca Strait section, ranges from 100°50 to 103°30. This section of the traffic separation
scheme using separate band to separate navigable lane traffic flow, in some areas, there are
38

also inshore traffic zone connected together with boundaries of the border with Malaysia
navigable channel coast. Details are as follows:
Traffic Separation: The eastern and western part of the traffic separation scheme is to use
traffic separation band to separate traffic flow according to traffic separation requirements in
the middle of the narrowest lane dividers to specify navigation traffic flow. Part of the
waterway is divided by using the median divider way to mix with the provisions of navigable
traffic lane. The 3-band regions are: Singapore Strait (Main Strait), the Singapore Straits (near
ST.JOHN 'S ISLAND), Singapore's Straits (near CHANGI / PULAU BATAM) (UKHO,
2006).

Restricted area: Numerous harbor exits are near Singapore Strait, setting warning area in
order to set the ship in here and out ports and provide convenient services for pilots, to ensure
careful ships sailing. There are 4 segment within each warning area in Singapore Strait
(PULAU SEBAROK / near PULAU BELAKANG PADANG), Singapore's Straits (ST.
JOHN'S ISLAND / near PULAU SAMBU), Singapore's Straits (TANJUNG STAPA /
PULAU near BINTAN) (Zhou, 2009).

There is a circular zone of an avoiding area to avoid hazards in the middle of the channel,
with the focal coordinates 01°12 '.60 N, 103°53'.20 E, Composition is formed by the center
point coordinates in one-chain radius. Ships sailing in the waterway need to be careful
avoiding.

Deep-water road: In Singapore Straits, there are two successive one-way deep-water routes
from west to east, which are separated between each warning area, by: Singapore Strait (Main
Strait), the Singapore Straits (near ST.JOHN 'S ISLAND). (UKHO, 2006).
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Figure 4-1 Ships' Routeing and Reporting System of Singapore Straits
Source: NP44, UKHO, 2010

4.2 Ship Reporting System

Singapore Strait and the Strait of Malacca, is from 104°24'E to 100°40‘E establish a
mandatory ship reporting system, STRAITREP for short. Reporting system, the full
implementation of the mandatory reporting system in this area. If the ship reaches the
following requirements, it must participate in the reporting system:
1. 300 gross tonnages or more
2. The height of the ship is above 50m.
3. Vessels engaged in towing, towing barge more than 300 gross tons or more than 50m in
length.
4 Any ship carrying dangerous goods.
5 Any passenger ship equipped with VHF.
6 Any of the ships equipped with a VHF in or below 50min height and below 300 gross tons
or less, to avoid imminent danger in the use of traffic separation schemes and separate areas.

From west to east, the whole STRAITREP system, is divided into nine zones, within each, a
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different VHF working channel is adopted to provide transport services and maritime
supervision. Singapore Strait across three areas seven, eight, nine, respectively by VTIS-West
(CH73), VTIS-Centre (CH14) and VTIS-East (CHl0) three different working channels for
regulation. In Straits of Singapore, boundaries of referenced object is divided by three
reported boundaries parallel with the warp. VTIS EAST from abeam Horsburgh Light (01°19
'.81N,104°24'E) to Changi Eastern buoy (01°19'N,104°02'E), the entire Eastern is
approximate 25n miles, as specified report Channel CH10. VTIS CENTRE from Changi
Eastern buoy (01°19'N, 104°02'E) to Raffles Light (01°09'.60N, 103°44'.55E) of approximate
20n miles, designated as a VHF channel report CH14. VTIS WEST from Raffles Light (01°
09'.60N,103°44'.55E) to Tanjung PIAI (01°16'N,103°3l'E) about 20n miles, is designated to
report to CH73.

From Sector 6, there started the Malacca Strait area, Sector 6 is to report Johor VTS, the band
VHF CH88. Sectors from One to Five are across the Malacca Strait area, and the ship sailed
out into all reported to Klang VTS, and the band were: VHF CH66, CH88, CH84, CH61, and
CH88. Out of the area, corresponding VTIS report line must report the dynamic information
of the ship on the appropriate channels, to facilitate traffic management and navigation safety.
As the border demarcation and the Strait area are perpendicular to the trend, a more accurate
description will be very complex. A simple introduction is given below:
Sector 6(103°28'E) to (103°01'E)
Sector 5(103°01'E) to (102°34'E)
Sector 4(102°34'E) to (102°05'E)
Sector 3(102°05'E) to (101°31'E)
Sector 2(101°31'E) to (101°00'E)
In the report, in accordance with the IMO ship reporting information for the classification of
A (name, call sign, IMO number), C/D (location information), P (Dangerous Goods and
grade), Q/R (the impact of ships sailing the normal state information), these four aspects must
be reported. If you need, VTS may also report class E/F (course and speed).

For the convenience of a ship reporting, as well as that of VTS management, when the ship
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passes near these beacons, vessels need to report the location between ships, the same as the
appropriate standard VTS center.
(1) Pulau Iyu Kecil Light (01°11'.48 N, 103°21'.23 E)
(2) Sultan Shoal Light (01°14'.38 N, 103°38'.98 E)
(3) Raffles Light (01°09'.60 N, 103°44'.55 E)
(4) Sakijang Light Bn (01°13'.30 N, 103°51'.37 E)
(5) Bedok Light (01°18'.54 N, 103°56'.06 E)
(6) Tanjung Stapa Light (01°20'.57 N, 104°08'.24 E)
(7) Horsburgh Light (01°19'.81 N, 104°24'.44 E)

4.3 Meaning of Routeing System in the Malacca and Singapore Straits

In the Straits of Malacca and Singapore, ship routeing system is designed for the navigation
safety of the ship and really plays a very important role. First, after the adaption of the
Malacca and Singapore Straits traffic separation schemes, it has effectively reduced the
probability of accident occurring in the Strait (Yan, 2000). Second, in order to prevent the
ship to cross the waterway freely, near Malaysia, Sumatra and Singapore port waters, the
authority has established in the restricted area and across the region, and it standardizes the
traffic order. Third, in order to avoid the deep-draft vessels near Tanjung Tuan sand waves in
the restricted area near Port Dickson, the strait opened a deep water route, reducing the ship
from going aground.
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Chapter 5 Investigation and Analysis of Marine Traffic

5.1 Methods of Observation of Maritime Traffic

The most commonly used method is the actual state of the observed traffic survey of
maritime transport and it is also the most basic method. Typically, the actual state of the
visual observations can be divided into visual observation, radar and aerial photography.

(1)Visual Observation:
Visual observation is to get the information according to the actual situation on the berthing
or sailing from a ship, mainly using visual observation and recording the exchange by means
of a watercourse or gate line (observation data lines) ship parameters. Visual observation is
simple, and can identify the ship's name, tonnage, type and nationality, especially for
observing narrow waterway, ports waterways and coastal waters in the inbound and outbound
of ship traffic. However, the visual observations cannot get track distribution, velocity
distribution and density distribution data, and you cannot even find ships at night or in
restricted visibility, it is merrier to use a way of combining basic visual observation method
with traffic observation method(Cheng, 1993).

(2) Radar Observation
Radar observation is the use of shore-based radar (VTS radar) or observation waters or near
the ship's radar to anchor, observing ships waters positional parameters (position, distance) at
each moment. Radar observation of marine traffic observation is the most commonly used
method. Radar observation from weather conditions affect is the basic, continuous 24-hour
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observation in any visibility conditions. The observed range is wider than visual observation,
but authority can always determine the exact location of the radar coverage for all ships,
which can analyze traffic statistics, traffic density, traffic flow patterns and the speed of the
original vessel traffic flow data (Dai, 2008). But radar cannot identify the ship, in addition, by
the radar resolution, sea conditions and other factors, the boat is difficult to detect. According
to different methods of recording observations, there are four kinds of methods: radar
observations of direct observation and recording, manual plotting, radar image photographic
and radar information transmitted directly into the computer (Liu, 2007).

(3) Aerial photography:
The use of aircraft in the air and live maritime traffic shooting, observing a broad area, is
money-consuming. Therefore only the use of maritime traffic investigations is applied.
5.2The Actual State of Maritime Traffic Observation Method Based on AIS

In accordance with the requirements of SOLAS 2000 amendments, all ships of 300 gross
tonnages and above on international voyages, of 500 gross tonnages and above on
non-international voyages and passenger ships irrespective of size, shall be required with an
automatic identification system (AIS), starting from 1 July 2004 ,the AIS system needs to be
checked. AIS can provide name, call sign, length, breadth, draft, ship type, position, course,
speed and navigational status and other static and dynamic information and voyage data,
which is not only conducive to the safety of navigation and management, but also can provide
a new approach for the actual state of maritime traffic observations(Zhou, 2008).
5.3 Historical Traffic Statistics:

According to the report of the port export statistics, inbound and outbound vessel traffic, ship,
laden situation and port throughput capacity.
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5.4 Analysis of Marine Traffic

Malacca and Singapore Straits, one of the world’s three busiest waterways, Indian Ocean and
Pacific ties. In recent years, it has gone through more than 60,000 vessels. And vessels
passing through the Strait of Malacca is twice that of the Suez Canal, three times that of the
Panama Canal. It is predicted that by 2015, annual traffic could reach 120,000 or more. So it
is necessary to conduct a comprehensive traffic conditions survey for the ship sailing in this
water. However, the current data is difficult to include all of the ships in the Strait. Singapore
and Malaysia have not released official figures, so this article relies only on the data
Malaysian Maritime Bureau has released from 1999 to 2007, namely g ship Harbor VTS
report number and type of vessels going through Malacca and Singapore Straits.
5.4.1 Changes in Ship Tonnage of Recent Years

Traffic flow is the unit number of all the ship of a certain time in a particular place, the basic
and particular characterization of waters (especially waterways) traffic condition in amount of
maritime traffic. Traffic is the most important information on traffic investigation program
and easy to obtain. Its value can directly reflect the size and extent of a busy water of the ship,
and reflect the level of vessel traffic congestion and safety of the waters to some extent.
According to the data released by Malaysia Maritime Bureau in the last nine years, we can
get the table about the Malacca Strait traffic flow as listed below.

Figure5-1 Yearly Change of Traffic Flow in Straits of Malacca
Source: Compiled by the author according to relevant articles.
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The changes of traffic flow in Malacca Strait are shown in Figure 5-1. As can be seen,
although the vessel traffic flow has dropped slightly in 2005, the overall trend is increasing in
the year, with ship traffic in 2007 increased by 26,753 compared to 1999, an average increase
of 2,972 per year. In the year 2000, ships traffic flow increasing most significant to 11,992,
which is four times of the average increase in value. Figure 5-2 curve is for the Malacca Strait
ship daily average traffic flow of recent nine years.

Figure5-2 The Average Daily Traffic Flow of the Strait of Malacca and Change
Source: As cited in Zhou, 2009

Figure5-3 Number of Various Classes of Ships in the Strait of Malacca in 1999-2007
Source: As cited in Zhou, 2009
46

Figure 5-3 compared the traffic from 1999 to 2007, which indicates the changes in the type of
the ship. Container ships and bulk carriers have increased greatly by 9215 and 6246
respectively. In addition, for tankers (VLCC, other tankers, LNG / LPG tankers referred to as),
an increase is more obvious: in 2007 compared to 1999, the growth is 6123, just slower than
in the amount of bulk carriers. It has also brought greater risks to safety with the event of an
accident in the Strait, which has caused serious pollution.

Figure5-4 The Number of All Kinds of Ships
Source: As cited in Zhou, 2009

Figure5-5 The Proportion of All Kinds of Ship
Source: As cited in Zhou, 2009
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According to the data above, the analysis is done for the types of passing vessels. Figure 5-4
shows the change of the proportion of the various vessels through the Straits in the past 9
years. As can be seen, there are mainly the following vessels: container ships, oil tankers,
cargo ships, bulk carriers, which are now basically the main vessel types. Among them, the
largest proportion is container ship, accounting for 33.06%, followed by ordinary tankers,
accounting for 23.93%. This distribution is in line with current economic consumption of
energy, demand for raw materials, finished products, and semi-finished products.

From an analysis of historical changes in Malacca Strait traffic in the year 1999 to 2007, the
following conclusions are obtained:

In recent years, the Straits of Malacca ship traffic has been in a rising trend, which increased
the most in the year 2000; major source of increased vessel traffic is the increase of container
ships and bulk carriers. In addition, the increasing speed of tankers is faster, which should be
paid attention to on safety precautions.
5.4.2 Monthly Distribution of Traffic Flow

By utilizing and analyzing the traffic flow through the Strait in 2007, the average monthly
throughput is 5893, of which the month navigable volumes from May to August and from
October to December are above average. Annual maximum throughput in December is 6261,
exceeding the average of 368. The minimum throughput is 5247, which occurred in February,
less than the average of 646 (Weng, 1994).
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Figure5-6 the Monthly Distribution of the Traffic Flow
Source: As cited in Zhou, 2009

5.5 Analysis of Traffic Accidents

Maritime accidents:
Maritime accidents here Refers directly related to the operation of the ship and led to a
situation which includes any of the following consequences or set of circumstances: death or
serious injury; ship disappearances; ship total loss, constructive total loss or abandonment;
substantial damage; ship allision, stranding or loss of navigational capability, or collision;
substantial damage to the outside of the foundation structure, endangering the safety of the
ship or its personnel; vessel damage causing serious environmental pollution or potentially
serious environmental pollution(Yu Mugeng, 1986). Maritime accidents do not include
accidents at sea caused by the ship, safety or environmental damage a person's intentional or
laissez-faire behavior which is intended to do so.
5.6 Data Sources

(1)Accident data published by the International Maritime Organization
IMO FSI holds annual conferences on the topic of accidents and incidents with relevant
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information summary and analytic report. Collection and disposal system within the IMO
accident information are as follows: Secretariat records of the accidents, according to the
accident investigation report circular from MSC-MEPC.3/Circ.1-3. The information will be
added to the accident Global Integrated Shipping Information System (GISIS), and then
prepare the relevant circulation to FSI and report to the relevant communications group and
working groups.

In order to collect accident information from the Malacca and Singapore Straits, a number of
IMO GISIS keyword search databases should be used to retrieve information occurred
between 1997 and 2012 in the Straits of Malacca and Singapore with a total of 60 accidents at
sea.

In Lloyd's Maritime Information System (LMIS) accident data on the Internet, the data show
that from 1978 to 1994, 476 accidents occurred in the Malacca Straits , including 81 fire /
explosion, 153 sinking / accident / stranding , 123 from mechanical failure/ hull leaks,
101collision, 18 from other causes of the accident, with an average of 30 accidents each year.

Statistical results of a research institute showed that from 1975 to 1995, 496 accidents
occurred in the Malacca Straits with an average of 31 cases per year.

Statistics shows that from 1977 to 1997 in the Malacca Strait, 71 maritime accidents
happened, including collisions 25, stranding / aground 13, explosion / fire 5, sank seven of
the other 21 cases; from 1975 to 1996 in Malacca Strait, 116 oil spills; oil spills in the Strait
of Malacca between 1975-1997 occurred with more than 1,500 tons of ship pollution from a
total of 15 accidents.

In 1997, Marlow studies show that: in the 1990s, an average of 4.7 per year occur in the
Singapore Straits; from the statistics in the Straits of Malacca and Singapore from 1981 to
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1992, a total of 126 accidents occurred, 13 of which are collisions.
There exist a lot of problems in terms of accident data collected from the perspective of the
situation. Firstly, the data are incomplete. As for yearly accident record; the information is not
complete in accident. Secondly, except for GISIS recorded in the accident with a stated level,
other information gathered from the accidents, especially the coverage of accident-level
statistics is unclear.
5.7 Analysis of Ship Accidents in the Straits

With the rapid development of the world economy and trade, maritime traffic situation has
undergone great changes. Ship is designed to be larger, of a higher-speed, and maritime traffic
is increasing in numbers and density, navigation environment deteriorate ship navigation
risks . According to a 2001-2007 statistics of accidents in Malaysia Water , in the Strait of
Malacca, since the dense and complex traffic flow (as mentioned before, the average number
of transiting ships was more than 600), it has already become a high-risk area for navigation.
According to a recent survey, more than 80 percent of the VLCC captain were reported to be
nervous when passing through the Strait. According to historical records, from 1978 to 1994,
a total number of 476 accidents occurred in the Strait, with an average of 30 cases happened
per year, indicates the high risk of navigation.
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Figure5-7 the proportion of all kinds of accidents
Source: As cited in Zhou, 2009

Since the implementation of the Straits of Malacca alignment system, the total number of
accidents is gradually reduced (Liu & Yang, 2005). But now with the increase in ship traffic,
the ship's size rapid development in shipping technology, decrease in crews' ship handling
capability, more serious accidents are happening in the Straits, so the situation of navigation
safety in the Strait is not very optimistic. The following figure showing data about accidents
that occurred in the Malaysia Strait from 2001to 2007 can reflect accidents in the entire Strait
to a certain extent. The figure shows that the total number of accidents has decreased 63 a
year in 2001, to 23 in 2007. And the average number of accidents was 34, lower than that of
2004 -2007 (Yu, 1987, pp.6-16).
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Figure 5-8 the number of channel's accident changed year by year
Source: As cited in Zhou, 2009

Figure 5-6 shows the proportion of various types of accident. It can be seen that sinking
accounted for the largest proportion of about 47%, followed by collisions, accounting for
31%. Stranding is the smallest proportion, accounting for 9%. To answer such a large
proportion of sinking, one reason is because of the severity of the accident. There is little or
no case exiting in the report, which can basically reflect the actual number of the ships
sinking. Furthermore stranded ship is generally mild. For self-floating accident, basically
there is no report to the authorities, which is a major cause of a small number of stranding
incidents. These sites lie mainly in the shallow straits, shallow points, sand wave, which are
frequent and hard to find, and the rescue is not in time, thus make the ship go aground and
sink. Stranding, in most cases, it is important in the pre-sinking stage, and sinking is more
than stranding; going aground covers relatively a small number of the accidents (Yu, 1986, pp.
46-48).
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Chapter 6 Problems related to Ships’ Routeing System in the Malacca and
Singapore Straits and Suggestions

6.1 Problems of Malacca and Singapore Straits Routeing System

There are a large number of small vessels across the Strait, yet some small vessels are not
fully equipped to ensure ship safety and pollution prevention. At the 35th meeting of
three-country-expert technical team, expert of Singapore stressed that: Singapore Strait is the
place where the majority part of accidents occur, all of the accidents being involved in a boat
or a ship crossing a traffic separation scheme. From a long-term perspective, with the
increase of ship traffic in the Strait, how to effectively reduce fishing vessel activities through
traffic will largely determine the safety of Strait and pollution prevention within the Strait.

Problems also arise with the role played by VTS traffic organization in terms of functionality,
embodied in the small vessels in the TSS of reverse steering, such as lack of management.
Although in some of the surveys, crew highly evaluated the functions of VTS and agreed
thatVTS plays an important role in ensuring navigation safety, but is still lacking in
organization (Weng, 2006, p.63).

6.2 The Introduction of Traffic Conflicts Technology to Improve the Efficiency of Traffic
Management

In the field of ships’ routeing system, although authority can make the rate of ship collision
become zero in the lane by the implementation of a traffic separation scheme, in the vicinity
54

of the intersection of routes encounter rate and delay time remains unchanged, while in the
case of large-angle cross through the warning area with a large number of vessels (like
Malacca and Singapore Straits) , it will cause more and more boats to cross and collide,
which is shown in a traffic separation scheme based on ships' routeing and there is no good
solution to the problem when the ships encounter and meet together in all the major traffic
areas.

On the contrary, due to the constraints of ships' routeing and guidance on vessel traffic flow,
traffic flow intersection and centralized multi-strand, makes the warning area (mostly
waterway intersection) a greater traffic density, And the greater the flow the more complex
the flow is, the more serious the problem will be.

Ship pilot operates on this kind of waterway intersection heavier tasks in a short time to make
all kinds of judgments and complete the necessary steering operation, it caused the ship
routeing warning zone accidents. Multi-junction grim safety situation in the zone of
management safety situation must improve the status too (Han, 2006). As the ship channel
alignment system is along regional, network-oriented direction, the road will be the same as
the formation of a large number of ships' routeing waterway intersection where the traffic
flow is very complex ,safety issues will also become more prominent.
6.3 Water Traffic Conflict Technique

(1) Definitions
When two or more vessels at a certain time and space are close to each other to a certain
extent, if no one has changed its state of motion, there is a danger of collision. This
phenomenon is known as water traffic conflicts. Traffic Conflict Technique is a kind of
technique that is based on method of measurement and certain criterion, a process for
quantitative measurement and discrimination for the occurrence and extent of the seriousness
of the of traffic conflict, and this technical method is also used in the safety prediction
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assessment (Shao & Lee & Xiong, 2005, p.60).

A number of related studies indicate that the probability of accidents and conflicts. Although
exist differences, the difference is with linear characteristics and has a certain regularity, both
of which have a strong correlation between the existence of conflicts and accidents.

When the ship is interfered by the surrounding environment during the voyage through the
barrier, which means during normal navigation, the ship needed to turn, slow down or
conduct other acts to hedge, then water traffic conflicts occurred. The number and severity of
a water transport conflicts occur within a certain time, and this can reflect the security
condition in this water.
6.4 Categories of Water Transportation Conflict

Traffic conflicts can be divided into specific categories of non-serious conflicts and serious
conflicts depending on the severity of traffic incidents, or into three levels- general conflict,
conflict and serious conflict.

The current classification method, depending on the metric, are mainly three kinds: 1) space
distance, i.e., to use the distance as the metric; 2) time-distance method, that is, as a measure
of the time parameter; 3) integration of the DCPA, TCPA, distance, speed ratio, relative
orientation and other factors, such as the risk of collision, as the severity of traffic conflict
metrics.

In defining the boundaries of a serious conflict from non-serious conflicts, multi-use of space
distance of road traffic accident can be set as a criterion.

In water transport, the ship collision risk should consider the influence of a number of
important factors such as danger of collision, the parameters involved in the AIS system, to
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meet the basic needs of the data, and therefore the number and severity of traffic conflict
automatic go into the discrimination statistics. Artificial observations, distance and time can
also be considered as a criterion for water traffic conflicts (Zhang, 2007). From this point of
view, the distance is more intuitive than time. It is more suitable by radar, VTS AIS to
visualize the level of urgency and potential danger.

Ship routeing system status and traffic conflict technology research, development trends,
research priorities and hotspots

Traffic conflict in ship’s routing system

Traffic analysis
concept conflict and
its applicability

traffic flow point of
conflict analysis

Conflicts
classification and
severity criteria

Traffic conflict data collection method
Artificial

Automatic

Traffic conflict
model

Traffic conflicts and
accidents substitutes

Traffic safety evaluation
model based on conflict

Traffic accident prediction
model based on conflict

Application of Traffic
Conflict
Ships' Routeing
intersection safety
evaluation

Diagnosis and waterway
intersection safety
improvement measures

Waterway Traffic Safety
Evaluation of diagnostic and
improvement measures

Figure 6-1 Profile of Ships’ Routering
Source: Compiled by author, 2014

Judging from the analysis of traffic flow characteristics and sailing conditions, classification
of water transport ships' routeing conflict in the warning area, is important to study the impact
of water transportation, such as a major factor in the conflict. Water transport technology is
used to research conflicts in the prediction of accident, optimize the design of ships' routeing
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system, perform safety evaluation method based on information of ships' conflict zone, and
then according to the evaluation results, select the most risk of ships 'routeing alert area, use
other methods to reduce conflict points in order to improve traffic condition and avoid
conflict in warning area, finally find the proposed targets by improving the feasibility and
effectiveness of traffic safety measurements. The abovementioned process of study method is
shown above.
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Chapter 7 Conclusion
This research has studied the importance of the Ships' routeing and reporting system in the
Malacca and Singapore Strait and attempted to use Water Traffic Conflict technique to
improve the safety level in this area. To achieve this purpose, this paper studies the
international and domestic laws and conventions involving the Malacca and Singapore Straits,
taking related documents, international standards as a guide, analyses the current AIS
information of vessel traffic to investigate the ship flow, and achieves a comprehensive
evaluation. In the Malacca and Singapore Strait, considering setting ships’routeing and
reporting system are necessary, the existing ships' routeing and reporting system follow the
principles and requirements of the IMO " general provisions on ships' routeing" , which is
based on fully considering the traffic conditions of the waters and adjacent waters, traffic
separation schemes and navigators habits, taking into account of current traffic flows in this
waters. It is believed that the implementation of ships' routeing and reporting system has been
seen as a good way to reach the result of reducing ships' collision, thus ensure the safety of
navigation and protect the marine environment.
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